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Abstract : In previous study we reported that pretreatment with plasmo¬ 
lysis enhanced somatic embryo formation in hypocotyls of Eleuthero¬ 
coccus senticosus. In the present study, the expression level of callose 
synthase gene in embryos of E. senticosus in response to 2,4-D, sucrose 
and mannitol treatments was analyzed by RT-PCR. The results show that 
plasmolysis pretreatment using sucrose and mannitol significantly pro¬ 
moted the expression of callose synthase gene. Also, the thicker cell 
walls of explant plasmolyzed compared with controls were observed 
during the somatic embryogenesis. We suggest that the callose may make 
the cells in epidermis separate from neighboring cells and then develop 
into embryogenic potential cells. 

Keywords: Eleutherococcus senticosus ; Somatic embryo; Plasmolysis; 
Callose synthase gene; RT-PCR 

Introduction 

Sexually generated embryos have provided plant breeders with 
an array of gene combinations for selection. Comparatively, the 
somatic embryos are regarded as a potentially stable, true-to-type 
source of plant propagation (Bonga and Durzan 1982). Somatic 
emrbyogenesis can be applied directly to mass clonal propaga¬ 
tion of many normally seed propagated plants, including grains, 
vegetables, plantation crops, and forest trees (Hartmann et al. 
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1990). Growth regulators or other mechanical or chemical stress 
treatments play an important role in triggering somatic-embryo 
development (Kamada et al. 1989; Smith and Krikorian 1989; 
Choi and Soh 1997; Pasternak et al. 2002; Ikeda-Iwai et al. 2003). 
In general, 2,4- Dichlorophenoxyacetic acid (2,4-D) is an impor¬ 
tant inducer for somatic embryogenesis from zygotic embryos of 
some plant species, for example, Eleuthercoccus senticosus (Gui 
et al. 1991; Han and Choi 2003). Other stimulators or stressing 
agents acting on direct somatic embryogenesis, without phyto- 
hormonal inducers reported, such as high sucrose concentration 
or osmotic stressing agents (Kamada et al. 1993), heavy metal 
ions (Kiyosue et al. 1990; Pasternak et al. 2002), high tempera¬ 
ture (Kamada et al. 1989) and plasmolysis (Choi and Soh 1997). 
The role of stress in somatic embryogenesis was reviewed by 
Karami and Saidi (2009). 

Eleutherococcus senticosus (Acanthopanax senticosus also), 
an endangered medicinal plant, is a perennial deciduous shrub in 
Araliaceae family. According to Chinese medicine records, it has 
been used for 2 000 years to enhance the body’s vital energy, 
restore memory, and prevent cold and flu. In Russia, E. sentico¬ 
sus was originally used by people in the Siberian Taiga region to 
increase performance and quality of life and to prevent infections. 
To improve the propagation of E. senticosus via embryogenic 
method will contribute to the resource protection of this plant. 
You et al. (2006) reported that the plasmolysis pretreatment 
could enhance the somatic embryogenesis in E. senticosus zy¬ 
gotic embryos in the absence of plant hormones and increase 
callose concentration. In the present study, we determined the 
effect of plasmolysis pretreatment on expression of callose syn¬ 
thase gene in E. senticosus zygotic embryo explants, and also 
observed the changes in cell wall after plasmolysis treatment. 

Materials and methods 

Seed stratification and culture of zygotic embryos 

The seeds of E. senticosus were collected from Maoershan 
Mountain in Heilongjiang Provence, northeastern China. After 
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stratified in sand at 15°C for 6 months, the zygotic embryos in¬ 
side the dehiscent seeds that developed into 4-6 mm-long coty¬ 
ledon stage from globular stage were chosen. Seeds were steril¬ 
ized, after coat removing, in 70% (v/v) ethyl alcohol for 1 min 
and 2% NaCIO (w/v) for 20 min, and rinsed three times with 
sterile water. Zygotic embryos were dissected out from sterilized 
seeds, and cultured on half strength Murashige and Skoog (MS) 
medium (1962) with 2% (w/v) sucrose for 5 days to grow up to 
1.5-2.0 cm in length. 

Plasmolysis of explant and analysis of callose synthase gene 
(EsCSl) expression through RT-PCR 

Choi et al. (1999) induced somatic embryos directly from the 
surface of hypocotyl segments of Panax ginseng cultured on MS 
medium with 4.5 pmol-L' 1 2,4-D. For 2,4-D pretreatment in pre¬ 
sent study, embryos were immersed in 4.5pmol-L" 1 2,4-D solu¬ 
tion shaking for 2, 12 and 24 h, separately. For mannitol treat¬ 
ment, embryos were immersed in 1 mol-L' 1 mannitol solutions 
shaking for 2, 12 and 24 h, separately. For sucrose treatment, 
embryos were immersed in 1 M reagent solutions shaking for 2, 
12 and 24 h. 

One putative callose synthase gene (EsCSl) fragment was 
identified from the expressed sequence tags in E. senticosus 
cDNA library, which is highly identical to callose synthase genes 
from Arabidopsis thaliana (81%; GenBank No. NM_111596) 
and Vitis vinifera (84%; GenBank No. AJ430780) (unpublished 
data). To study the EsCSl expression profile, total RNA was 
prepared from plant samples using Trizol reagent kit (Invitrogen) 
and reverse transcribed with a RT-PCR kit (Takara, Japan). The 
primers (Forward: G A ATT GGT ACTTCGC A ATT GC AG AT C; 
Reverse: GCTT C ATT G A A A AGGC G AGTTT GG A) specific to 
EsCSl were used. RT-PCR analysis of B-actin was used as con¬ 
trol with a set of primers (Forward: TGGAAAA- 
GATTTGGCATCAC; Reverse: GACTGTGTGGCTGACA- 
CAT). 


Histological observation 

Embryos were pretreated in 1 mol-L' 1 mannitol solution for 12 h, 
and the explants were cultured on MS medium containing 30 g/L 
sucrose and 3.0 g-L" 1 Gelrite. The culture room was maintained 
at 23±2°C with a photoperiod of 16 h light (50 pmol-m-^s' 1 un¬ 
der cool-white fluorescent tubes) and 8 h dark. Samples were 
fixed in 5% glutaraldehyde solution with 0.05 mol-L' 1 phosphate 
buffer under 4°C and post fixed with 2% (w/w) Os04 for 2 h. 
The samples were dehydrated in ethyl alcohol series and then 
embedded in epoxy resins. Pale golden sections (70-150 nm) 
were longitudinally cut from hypocotyls using LKB-V ultrami¬ 
crotome and loaded onto 100-mesh copper grids coated with 
Formvar (1% in ethylene dichloride). Then these sections were 
stained with uranyl acetate and lead citrate. They were observed 
under transmission electron microscope (TEM) (Olympus CX31; 
Olympus, Tokyo, Japan) and images photographed with a digital 
camera (Nikon coolpix 995; Nikon, Tokyo, Japan). 
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Results 

Expression of EsCSl in response to plasmolysis and 2,4-D 
treatment 

The expression of gene EsCSl in response to various treatments 
was detected. There was no significant different expression of 
EsCSl gene between in the hypocotyls after 2,4-D treatment and 
control (Fig. la), indicating that the treatment of 2,4-D in this 
experiment does not significantly enhance the EsCSl expression. 
However, when the explant was plasmolyzed using 1 mol-L' 1 
mannitol or sucrose for 2 h or 12 h, the expression of EsCSl was 
dramatically enhanced, whereas, EsCSl expression decreased at 
24 h of plasmolysis treatment (Fig. lb, c). We supposed that 
plasmolysis treatment is an efficient inducer of EsCSl expres¬ 
sion; however, osmosis damage resulting from plasmolysis 
treatment for 24 h inhibited the EsCSl expression in present 
study. 
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Fig. 1 Expression of callose synthase gene (EsCSl) in response to 
2,4-D, mannitol and sucrose treatment by RT-PCR 

Embryos were immersed in 4.5 pmol-L’ 1 2,4-D, 1 mol-L’ 1 mannitol and 1 
mol-L’ 1 sucrose solutions with shaking for 2 h, 12 h and 24 h, respectively. 
Actin was used as control for RNA integrity and accuracy of loading, a, total 
RNA was isolated from embryos with 4.5 pM 2,4-D treatment. 0 h, 2 h, 12 h 
and 24 h: 2,4-D treatment for 0 h, 2 h, 12 h and 24 h, respectively, b, Total 
RNA was isolated from embryos with 1 mol-L’ 1 mannitol treatment. 0 h, 2 h, 
12 h and 24 h: 2,4-D treatment for 0 h, 2 h, 12 h and 24 h, respectively, c, 
total RNA was isolated from embryos with 1 mol-L’ 1 sucrose treatment. 0 h, 2 
h, 12 h and 24 h: 2,4-D treatment for 0 h, 2 h, 12 h and 24 h, respectively. 

Histological studies of somatic embryos obtained from pretreated 
explants 

In order to reveal the effect of plasmolysis on somatic embryo- 
genesis, the inter changes of sub-and epidermal cells through 
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histological section were observed. The ultrastructure observa¬ 
tions showed that there was no significant difference in cell walls 
in un- and pre-treated zygotic embryos before culture on medium 
(Fig. 2a, b). After 4 weeks of culture, the cell walls of epidermal 
cell in pretreated explants became thicker than those in unpre- 
treated (Fig. 2c, d), which made the intercellular space disappear. 
Also, at this time, a few plasmodesma was found in epidermal 
cell walls of unpretreated explants (Fig. 2e), but almost no plas¬ 
modesma of epidermal cell walls in pretreated explants was ob¬ 
served (Fig. 2f). 



Fig. 2 Ultrastructure observation of cell walls in epidermis of ex¬ 
plants during somatic embryogenesis (a, the cell wall of epidermis in 
unpretreated explant; b, the cell wall of epidermis in explant pretreated for 
12-hour with mannitol; c, intercellular space between cells of epidermis in 
unpretreated explant after 4 weeks of culture; d, disappearing intercellular 
space between cells of epidermis in pretreated explants with mannitol after 4 
weeks of culture; e, close-up views of the areas outlined in Fig.2c, arrow 
indicates the cell wall of epidermis in unpretreated explant, arrow heads indi¬ 
cate plasmodesmas; f: close-up views of the areas outlined in Fig. 2d, the cell 
wall of epidermis in pretreated explant. Bars: a and b, 500 nm; c and d, 
2000nm; e and f, 1000pm) 

Discussion 

Callose [(l-3)-(3-D-glucan] is synthesized by plants at many 
locations throughout development and in response to biotic and 
abiotic stress (Verma and Hong 2001). In most plant cells, cal¬ 
lose is deposited only under conditions of stress, wounding, or 
pathogenesis (Ohana et al 1993). Previously, we have reported 
the callose accumulation after plasmolysis treatment (You et al. 
2006). Consistent with the previous result, plasmolysis treatment 
could induce EsCSl expression. In general, 2,4-D was a very 
important inducer of somatic embryogenesis in many other 
plants (Gui et al. 1991; Han and Choi 2003), as well in E. senti- 
cosus. You et al. (2006) reported that after three weeks of culture 
on MS medium containing 2,4-D, obvious callose signals around 


cell walls was found in proembryo-like structures formed on the 
surfaces of hypocotyls. However, 2,4-D treatment did not en¬ 
hance the EsCSl expression in the present study. Compared with 
plasmolysis treatment, 2,4-D treatment took more time of culture 
(more than three weeks) to induce somatic embryo. Therefore, it 
was a slow process for callose accumulation involved in 2,4-D 
treatment, and significant increase of EsCSl expression couldn’t 
be detected within 24 hours. Also, higher frequency of abnor¬ 
mally developed somatic embryos from hypocotyl segments 
treated by 2,4-D was found, however, numerous normal and 
singular somatic embryos formed directly on the surfaces of 
hypocotyls pretreated by plasmolysis, suggesting the different 
manners in embryo induction between 2,4-D treatment and 
plasmolysis treatment. 

Wu and Cahoon (1995) demonstrated that plasmolysis facili¬ 
tated the accumulation of protein and DNA into ex- 
tra-plasmalemma spaces. In direct somatic embryogenesis from 
Cichorium intybus x C. endivia root segments, the first visible 
modification of the embryogenic cells is the deposition of a cal- 
losic wall, even without plasmolysis treatment (Dubois et al. 
1990). In previous study, obvious callose accumulation was 
found in hypocotyl cells plasmolyzed with 1.0 mol-L' 1 mannitol 
for 12 hours (You et al. 2006). In present study, that the thicker 
cell wall in hypocotyl cells plasmolyzed compared with control 
was checked only after several weeks of culture, suggesting the 
thickening of cell wall is a slow physiological process after the 
callose accumulation induced by plasmolysis treatment. 

Grimault et al. (2007) indicated that embryogenic cell in 
leaves of Cichorium hybrid were surrounded by a cell wall that 
was characterized by the presence of callose. Choi et al. (1999) 
considered that interruption of cell-cell interaction by pretreat¬ 
ment might be the reason of enhancing single somatic embryo 
formation over the entire cotyledons preplasmolyzed, and callose 
accumulation in embryogenic cells might be related to embryo¬ 
genic competency. From our results, we suggest that the suitable 
plasmolysis treatment enhances the expression of callose syn¬ 
thase gene and callose accumulation, sequentially result in 
thickening of cell wall of epidermal cell in pretreated explants, 
which makes the cells separate from neighboring cells and then 
develop into embryogenic potential cells. 
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